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Hertfordshire Natural History Society, and heartily carried. Pro
fessor P. Martin Duncan, F.R.S., then expressed the thanks of
the party to the Directors, specially mentioning the wide extent of
knowledge of the local geology of England possessed by Prof.
Morris.

Before separating, the members of the three Societies had an
opportunity of inspecting a fine collection of local fossils made by
Mr. Saunders, and some artistically-executed diagrams, illustrating
the geology of the district, prepared by Mr. A. Ewen.

(Postponed Paper.}

ON CONIFERlE.

By J. STARKIE GARDNER, F.G.S.

(Read May 6th, 188!.)

Viewed apart from what geology has made known of their his
tory, the Gymnosperms or Gymnogens appear to form the simplest
and a rather abnormal group of Dicotyledons (presenting some
affinities with Monocotyledons and certain resemblances to ferns).
When, however, their past history is taken into account, they are
seen to so far exceed ill antiquity the rest of Dicotyledons and the
Monocotyledons, and to be of such importance in the study of the
evolution of the vegetable kingdom as to demand a separate divi
sion in any system that claims to be a natural one.

The Gymnosperms, indeed, present iu many respects an interme
diate group between the highest form of organization and the
lowest. Their chief distinction lies in the fact that the naked ovule
is fertilised directly by the pollen without the intervention of stigma,
style or ovary. Lindley" considered them, in this respect, analo
gous to reptiles in the animal kingdom, their ova being fertilised by
direct contact with the male principle. Darwin t contrasted the
metbod of reproduction among Gymnosperms with the admirably
ingenious contrivances by which many other plants are fertilised by
insect agency. "Oan we consider," he says, "as equally perfect
the elaboration by our fir trees of dense clouds of pollen, in order

* "Veg. Kingdom," p. 221.
t .. Origin of Species," 3rd edit., p. 223.
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that a few granules may be wafted by a chance breeze on to the
ovules? t, Their woody tissue, although exogenous, has a peculiar
and easily recognisable structure, marked by disks, and their spiral
vessels are stated to be less perfectly formed than in most other
flowering plants. These somewhat anomalous characters have led
to their being very variously placed in botanical systems, as may be
seen in the following examples :-

Linnreus classified Cycas with the Palmee, and the Coniferre be
tween the Grasses and Amentacete. Lindley's system, 1833, is the
earliest in which the Gymnosperms occur as a primary division
equal in value to the Exogens and Endogens-his " Gymnospermre"
including Cycadere, Coniferre, Taxinere, and Equisetacere. In the
most recent classification, the Index Plantarum of Hooker, the
Gymnospermre form the last, or the 114th to 116th orders of the
Dicotyledones.

The imperfectly studied and scanty relics of former forests which
have been found scattered, with wide intervals, -through stratified
rocks, have scarcely yet rendered it possible to trace the lines
through which the evolution of any of the groups of the existing
plant world has taken place. Still, the known antiquity of com
pletely differentiated Acrogens and Gymnosperms is such that we
can only suppose the common ancestors of the spore-producing
Lycopod and seed-producing Gymnosperm to be locked up in the
form of graphite and other carbons in the estimated 70,000 feet
of sedimentary strata comprised between the Laurentian and De
vonian formations. No real advance can in fact be made on Adolphe
Brongniart's division of the development of the vegetable kingdom
into three great periods-that of the Acrogens, of the Gymnosperms,
and of the Angiosperms. In the oldest sedimentary rocks, there
are, as is well known, no recognisable plant remains. In the sea
deposits of the Silurians, the oldest known impressions of terres
trial plants have been met with, and these most unmistakably
belong to true fsrna." In some of the Devonian rocks, wood with
the typical coniferous structure abruptly appears, but in other
localities wood of the same age occurs with an anomalous struc
ture, seeming to show that the Coniferre were not then so clearly
differentiated as they now are.

In 1831, Witham pointed out that the higher and more com-

* Dr. Hicks has recently obtained some plant remains from the Denbigh
Grits of a very anomalous and primitive character.
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plex organization of Coniferre existed in the carboniferous strata of
Edinburgh and Newcastle. The example referred to was believed
to possess an Araucarian structure, and more recently has been
considered to be nearer Pinus. The Gymnosperms of the
Carboniferous, however, are remarkable for the complete absence
of any true cones, and the presence of fruits, such as Tri
gonocarpus and Nceggcrathia, acknowledged by both Hooker and
Baporta to be allied to Ginkgo. If the frequent reference of the
earliest known Conifers to such genera as Araucaria and Ginkgo
should stand the test of time, it would be a matter of considerable
interest to find that the forms, which at the present day still closely
approach in their foliage the club-mosses and ferns, are the older
types. Ginkgo, in its mode of seeding, still presents, according to
Baporta and Marion, a nearer approach to Cryptogams than any
other existing Dicotyledon.

From the base of the Permian the Gymnosperms are more de
fined. Voltzia (supposed by Brongniart to possess near affinities
to Araucaria and Cunninghamia) is thought by Saporta to belong
to the Taxodise, the many distinct types of foliage included in the
genus perhaps accounting for the divergent views. The widely
spread Walchia and Ullmannia have been generally supposed to be
Araucarian, although the latter has also been placed in the Oupres
sineee. The Cycadere were largely developed throughout the
Permian, and until the close of the Jurassic.

In the Trias, besides some doubtful Oupressineee, two prevailing
types occur-a form of Voltzia, thought by Bchimper to be related
to the existing Cryptomeria, and Albertia related to Dammara.
Coniferous wood is abundant in the Lias, both the Araucarian and
Pine structure having been recognised, and we meet with the sugges
tive names, Widdringtonites and Thuites. Four species of the
latter are known from the Btonesfield slate besides Araucaria, and
Solenhofen has yielded Pinus, Araucaria, and Artbrotaxites. The
Secondary period has, in fact, frequently been described as the age
of Gymnosperms. The Jurassic appears to have been the most
essentially so, for they then formed almost the entire forest vege
tation. Bchimper enumerates more than 60 species of Cycadere;
the Oupressineee and Taxodieee are undoubtedly represented, and
distinct cones of Araucaria and Pinus have been met with in several
localities both in England and abroad. Ginkgo digitata is indis-
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tinguishable from the existing Ginkgo, and the Pachyphyllum from
the middle estuarine series of Yorkshire bears a most striking re
semblance to A,'aucaria Ounninghami, but differs in possessing
smaller ovate and persistent cones, not dissimilar in appearance
to miniature cones of the Araucaria.

The Wealden flora is almost a continuation of that of the
Jurassic. The British Cretaceous Flora, described by Carruthers,
is nearly entirely Coniferous, Cedrus having been met with in the
Lower Greensand at Maidstone and Shanklin, several species of
Sequoia and of Pinus, and foliage and amber in the Gault, and a
Sequoia cone from Blackdown. The Cretaceous Flora of Hainault
is also, like that of Folkestone, entirely Coniferous, and is described
by Coemans as containing connecting links between the groups of
Abies and Cedrus, Strobus and Pinaster, Cembra and Strobus.
Germany seems to have yielded cones of Dammara and Arancaria.
Cedar cones have also been found in the Wealden of the Ardennes
and cedar and pine cones in the Lower Cretaceous of Havre.
The Cretaceous rocks of Aix-Ia-Ohapelle contain Glyptostrobus,
Sequoia, Araucaria and allies of Libocedrus and Thuya. In
the Arctic Kome bed Heel' claims to have true pines, and Tsuga,
also Abies and Pinus from Atane, so that, even in Cretaceous
times, forests of needle-leaved Coniferre must have characterised
Northern latitudes. The needles of Pinus Credneri are de
scribed as lying in thousands on some of the slabs. Pinus and
Sequoia are found in the newer American Cretaceous of Dakota.

In the Tertiaries the Gymnosperms are quite subordinate to the
higher Phanerogams, yet in 1878 Lesquereux estimated that no
less than 225 species were known from them.

Of the three orders of Gymnosperms, two are distinctly recog
nised in British Tertiary Rocks. Sir Joseph Hooker has recently
expressed the opinion that" of all the orders of fossil plants of
the formations referred to (the Cretaceous and Tertiary strata of
North America), the Gymnosperms alone have, as a rule, yielded
much trustworthy information; and this is due to their texture, to
the peculiar character of their vegetative and reproductive organs,
to the frequent adhesion of these to the branchlets, to their grega
rious habits, to their wide distribution, and to their close affinity
with existing species." The similarity in the foliage of Conifers
belonging to widely different genera, however, renders deter-
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minations, when based only upon fragments of foliage, of little
value.

Coniferai.-The Coniferre form by far the most. important order
of Gymnosperms. They are trees or shrubs with branched,
resinous trunks, and abound in the temperate regions of both
hemispheres. The name is derived from the strobilus or cone
on which the greater proportion of them produce their seeds.
This is a fruit spike, more or less elongated, and covered with
scales or bracts formed of metamorphosed leaves or branchlets,
each scale with usually two seeds at its base, enveloped in a hard
coriaceous integument and often winged. The scales are some
times united, as in the Cypress, to form a rounded mass; or
become fleshy, as in the Juniper, where they unite to form a
globular fruit like a berry. In the Taxere and Podocarpeee the
f, uit is solitary and terminal, the external succulent covering
being formed of modified bracts surrounding a naked seed. This
is the only order- except parts of stems of Ephedrus, a genus of
Unetacere-definitely known to occur in our Tertiaries.

Although Gymnosperms no longer play the chief part in forest
vegetation, '*' yet the Coniferse form a conspicuous feature in the
physical geography of the earth. They are remarkable not only
for majesty and symmetric grace, but for the stupendous bulk, com
pared to that of leafy trees, that individuals attain. Pines, firs, cedars
and larches form enormous forests in the Northern Hemisphere,
where the winter is most severe, supplying food and shelter to
many animals which could not otherwise maintain their existence.
Araucarias, Podocarps, Dammaras and Dacryds, conifers of a very
different aspect, occupy corresponding tracts in the Southern Hemi
sphere. No genus inhabits the plains of the Tropics , the present
habitats of the conifers being essentially in the temperate and sub
Arctic zones. In the Northern regions of Europe, Asia and
America, its members outnumber the broad-leaved trees by ten to
one, and even on the Pacific slopes extensive tracts are densely
wooded by them, with scarcely any admixture of deciduous trees.
The Pine barrens in North America stretch over 300 to 500 miles,
while the belt of conifers is almost continuous in the Old World
from Scandinavia to the Eastern Coast of Asia.

The enormous areas now occupied by the Coniferre would hardly

• Buckland, .. Bridgewa.ter Treatise," vol. i., p. 454, says they form bnt
1-300th of the vegetation.
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lead to the supposition that any great diminution is taking place in
their numbers through natural causes; yet instances of their areas
of growth and the number of their individuals becoming sensibly
smaller are not unfrequent. Taeus baccata appears to have every
where diminished, for in Osesar's time history leads us to suppose
that it formed extensive woods. Abies pectinata, formerly abun
dant in England, N.E. France and Denmark, has long since be
come extinct in these places, through some unknown and remote
cause. Abies eccelsa is no longer an English tree, though no rea
son for this can be assigned. It is limited at the North Cape, ac
cording to De Candolle, by want of heat, not excessive cold, though
winter cold excludes it from Russia and Sweden and want of heat
from Norway. In Spain Abies Pinsapo becomes rarer year by
year.* In Switzerland the records of the diminution in the areas of
the coniferous forests are abundant, and the destruction cannot in
very many cases have been due to the agency of man. The limit at
which conifers cease to grow there has become materially reduced,
foron the upper confines of Alpine forests thcre is everywhere evi
dence that they are retreating towards the valleys. The pines are
not dwarfed towards their superior limits, and do not creep as
bushes to the verge of the snow-level as on other mountain ranges,
and towards the poles; but isolated and grand old pines, larches, or
firs, stand out beyond the rest, as if their exceptional vigour had.
enabled them to survive the adverse influences to which the weaker
trees had succumbed. On the Splugen, Juliers and Simplon, large
roots are found where now scarcely even bushes will grow, and, on
the Valais Alps, remains of large trees far above the limits of forest
vegetation. The names of certain heights and valleys now almost
bare of trees indicate their former wooded nature. In Madeira the
J uniper and the Yew, the only indigenous conifers, are prac
tically extinct in the wild state. It is difficult to estimate the
former extent occupied by the Cedars of Lebanon, t but they are

* All the forests in Spain seem diminishing, and bnt seven per cent. of
the conntry is now forest, perhaps accounting, as in Syria, for its present
sterility. France has 17 per cent., Austria 30 per cent., Prussia 23! per
cent., and Bavaria 32 per cent. of forest.

t From the frequent mention of them in the Book of Kings, the Psalms,
&c., they must have been very extensively used in the building of Jerusalem.
The fourscore thousand hewers and 3,000 overlookers kept in the Lebanon
by Solomon during the building of the 'l'emple and the House of Lebanon,
were, of course, chiefly employed iu hewing stone.

14
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now confined to a few scattered groups on the mountains of
Syria, their destruction having probably materially modified the
climate.

In Siberia, on the other hand, the Couiferee seem to be gaining
ground, and creeping up towards the North Pole, for Middendorf
notices the young look presented by the Larch forests of Northern
Siberia, which he considered to be barely half-a-century old.

Besides being the hardiest, the Coniferre certainly form the most
gigantic trees on earth. The loftiest of them is barely exceeded
even in mere height by the slender, quick-growing Eu calyptus, but
as solid masses of timber, th ey individually far surpass every oth er
forest tree.

The colossal size of the mammoth trees of California has long
excited wonder, yet these" Big trees" are rivalled by many of the
Pines of Western America, the sizes of which, huge as they ap
peared, seem to have been actually understated in text books.

Thus, the Douglas Pine, Abies Douglasii, which forms the chief
part of the gloomy forests of the Rocky Mountain Valleys, is stated
by Douglas and by Gordon, to be from 150 feet to 200 feet in
height, with a circumference of from 20 feet to 50 feet, by Hers
chell and by Humboldt 245 feet high and 57t girth. Yet there
is asection in the Kew Museum, exhibited in 1862, from a tree
measuring 309 feet in height and 185 feet to the first branch. The
spar in the pleasure grounds at K ew is from this species, and th ough
but 159 feet high, is seen from a distance to far overtop th e trees in
the grounds. Abies Mens iesii, or the tide-land spruce, is said by
Gordon to attain the height of 100 feet, but a section exhibited
in the Philadelphia Exhibition, taken 98 feet from the ground, and
measuring 6 feet 10 inches diameter, was stated to have been cut
from a tree 318 feet high with a diameter of 16 feet at the butt."
Picea grandis, or the yellow fir, said by Gordon to reach 200 feet,
and by Herschell 224 feet, far exceeds these dimensions, for sec
tions were exhibited by the State of Oregon, cut from a tre e 321
feet in height and 15t feet diameter at the butt, 6 feet 10i inches
exclusive of bark at 130 feet, and 5 feet 10 inches at 200 feet from
the ground. Picea nobilie is fully as gigantic. Pinus Lambertiana,
another giant, has its height stated by Gordon at 200 feet, Emer-

* ..Report Phil. Int. Exhibition, 1876," Vol. iii., p.500. These extreme
heights seem rarely to be attained
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son 230 feet, HerscheIl235 feet, and Lindley expresses surprise at
the stnpendons height of 230 feet, yet Newberry states it at 300
feet. The height of Pinus strobus, or the Weymouth Pine, is
variously given; by Gordon as 100 feet to 150 feet, Emerson 130
feet to 140 feet, the Rew Guide 120 feet to 160 feet, and by Dwight
in the report on the trees and shrubs of Massachusetts at from 250
feet to 264- feet. A plank of Thuja gigantea (said by Gordon. to
be from 50 to 150 feet high) was exhibited at Philadelphia from a
tree 325 feet in height. On the other hand, the heights ascribed to
the Wellingtonia, Sequoia gigantea, have been doubtless exaggerated.
Herschel calls them "the loftiest and grandest of trees, said to
attain the almost fabulous height of 400 or even 500 feet, with a
diameter of 40 or 50 feet near the ground."'*' In the "Treasury
of Botany," the tallest tree in the mammoth grove is stated at 327
feet in height and 90 feet in girth, which is near the maximum
height assigned to them by Hooker, 325 feet. The largest tree on
record however, is broken at 300 feet from the ground, and measured
at the break 18 feet, and at 3 feet from the ground 87 feet in girth.
Its stump tapered regularly, and the tree is calculated to have been
450 feet high. Sequoia semperoirens reaches 300 feet, according
to the" Treasury of Botany," and according to Hooker 270 feet,
with a girth of 55 feet at 6 feet from the ground.

Although America and especially the Sierra Nevada furnishes
the most gigantic coniferous forest trees to be found on the globe
-yet the conifers of many other regions rival them in size. In
the Himalayas Pinus ezceisa reaches 200 feet, and bears cones 1 to
2 feet long; the stately Cedrus deodara 200 feet and 36 feet in girth;
Abies Smithiana 170 feet, Picea Pindrow 150, and the gloomy
Oupressus torulosa 150 feet and 16 feet in girth at 5 feet from the
ground,

In the Southern Hemisphere many of the New Zealand Podo
carps exceed 200 feet in height. The Araucaria imbricata of Chili
reaches 260 feet, A. Cooleii 200 feet, A. excelsa or the Norfolk
Island pine 224: feet, A. Bidwilli and A. Cunninghami reach 150
feet.t

Contrasted with these is Dacl'ydium laxifolium, the most dimi
nutive pine known, fruiting specimens being, according to Kirk,

* "Physical Geography," p. 3U,
t "Jury Reports, SydDey Exhibition, 1870," p.643.
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sometimes only two inches high, while the average height is only
6 to 10 inches.

The ages attained by some of the Coniferre are scarcely less ex
traordinary than their colossal bulk. The greatest longevity as
signed to any tree is perhaps credited to the celebrated Taxodinm
of Chapultypec in Mexico, 117 feet in circumference, which was
thought by De Candolle to exceed in age the Baobab of Senegal
inferred to be 5150 years old. Goeppert states that Taxodium
distichum has been ascertained by its annular rings to live 2000
years'*' The mammoth tree has been estimated to live 4000 years
in California. De Candolle quotes a number of instances of longe
vity in the yew, and Endlicher considers one in Derbyshire to be
2096, and the one at Grasford,'] in North Wales, 1400 years old.
The pines, cypress, firs, larches and cedars, are credited with ages
of two, three, and even 500 years. A Pice a, 200 feet in height,
is mentioned by Goeppert, as ascertained by its annular rings, to be
460 years old, and a Larix of 120 feet to be 576 years old. The
Scotch Pinus sylvestris is said to require 200 years to mature its
timber to perfection.

The literatme, even of the fossil Coniferre, is naturally large, for
petrified wood early attracted attention. Brongniart, however,
only found himself able to enumerate Pinus and Abies as actually
defined genera. A complete list of works of reference on the sub
ject is found in "Goeppert's Monograph of Fossil Coniferre,"
Leyden, 1850. For a critical list of later works upon the subject,
Schimper's " Paleontologic Vegetale," 1874, should be consulted,
and notices of works that have appeared subsequently to this date
are to be found in the "Geological Record."

I will now give some of the more interesting details of the fami
lies of Gymnosperms, especially from a Geological point of view.

Cycadacere.

These are Gymnosperms, with simple continuous stem, strongly
marked with lozenge-shaped scars, and parallel-veined hard pin-

* The rings of growth in Eucalyptus have been ascertained to be bien
nial. The Cedars planted in England show symptoms of decay, as in Rich.
mond Park, as if their full age, in this climate at least, were already
reached.

t Diameter according to Endlicher 50 feet, and Selby only 29 feet.
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nate leaves. The wood is soft and pith-like, but with the charac
t eristic Gymnospermous structure. They are generally low
shrubs, but occasionally reach a heigh t of 30 feet, and may be
described as possessing the fruit of conifers and th e general
aspect of palms. They are nati ves of In tertropical America,
Asia, Australia, and th e Cape. The order includes only two
families, Oycadeee and Zamise, but fully 100 species are known.
They abounded in E ngland during the Jurassic times, and excellent
illustrations of them are to be seen in Buckland's "Bridgwater
Treatise," the "Transactions of the Geological Society," 2nd
series, Vol. iv., and in Lindley and Hu tton's " F ossil Flora." They
have also been met with in the Jurassic of Spitzbergen, and in
great quantity in th e Cretaceous of Kome in Greenland. They
become very rare in the newer Cretaceous of Atane, and seem, in
Europe at least, to have died out before the Tertiary period, for
none of the " Zamites" of this age yet published can be con
sidered satisfactory.

(kmiferce.

The first tri be, the CUPRESSINE..E, are large, very resinous
trees, or shrubs, with small scale-like leaves, comprising the hardiest
in existence. The cones are small and globular , and composed of
4 to 8 or rarely 10 pedat e persistent scales, except in Juniperus,
in which th ey coalesce into a fleshy galbulus or berry .

Their origin is traced back to the P ermian, if Ulmannia is really
Cupressineous, and th ey became durin g th e late J urassic and W eal
den, the preponderating tribe. Some of the forms are of interest,
among th em being Widdringtonites, Echinostrobus, Thuyites, Thu
jopsis, but they are all more or less imperfectly known, and the
abnndance of the tribe is partly inferred from the prevalence of
wood called Oupressinoxylon.

The genus Oallitris is represented at Sheppey by fruits belong
ing to the Tetraclinus or 4-valved frnit section, now confined to
North Af rica; and by even more distinct fruits of the Hexaclinus
division (F renela) now entirely confined to Australia and New
Caledonia. While these latter (specimens of which I hav e re
cently obtained from Sheppey through Mr. Shrubsole) , though
almost identical with an existing species, were not described by
Bowerbank, the supposed 3 and 5-valved Cupressineous fruits in
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Bowerbank's work cannot be united to any known genera. The
living fruits are remarkably persistent on the trees, remaining
attached for many years, with the valves gaping widely open, and
their presence among the Sheppey fruits, even rare as it is, is
singular. The total absence of the elsewhere widely-spread Eocene
Thuja and Libocedrus, whose cones, shed in thousands, float easily,
and are almost imperishable, is sig-nificant of the climate at this
period.

Callitrie Brongniarti, belonging to the quadrivalved division, is
one of the most distinct Eocene Conifers of Europe, and has been
met with in most of the Eocene floras of France and Austria,
though not in England. It is beyond doubt a close ally of the
existing species, for well-preserved fruits have been found attached
to the foliage. The presence of species belongiog to the now purely
Ethiopian, Pachylepis section (Widdringtonia) is far more doubt
ful, and in Greenland, where it has been determined on a single
small mutilated twig, the evidence is absolutely trivial.

The 2nd genus, A ctinostro bus, is represented by a single cone
from Sagor, and the 3rd, Fitzroya, has not been found fossil.

Libocedrus, the 4th genus, has small scale-like foliag-e, and
ovate cones of 4 to 6 leathery, very unequal valves, and cannot
easily be mistaken. The species, which occasionally form very
large trees, inhabit temperate regions, even reaching the snow-level,
and are widely scattered. L. salicornioides, another thoroughly
well-determined European Tertiary fossil, seems rather confined to
the Oligocene or Lower Miocene of Central Europe, and has
been met with neither in Italy nor England. A Spitzbergen
species, of Eocene age, is compared to the existing Chilian species.
I have now to add a very distinct and beautiful form from the
Lower Eocene of Bromley, which will be described in the pages of
the Paleeontographical Society.

The 5th genus, Thuja, has similar foliage, with oblong, cori
aceous, persistent, 6-10 valved cones, and also contains gigantic
species. 'Vith one exception it is now confined to the Paleearctic
and Neartic regions. No remains are known in Europe below the
Armissan beds (Tongrian), where they are rare, but in the late
Miocenes of Italy, Amber beds of Prussia, etc., they are very plen
tiful. Heer recognizes an Arctic species from some very small
terminal buds.

The stately Cupreseue forming the 6th genus is scarcely
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known fossil, except possibly from two German Miocene localities
and from Antrim (?).

The large genus Juniperus, which has such an immense range
at the present day, including the hardiest shrubs on earth, is only
known fossil from the Eocene of Aix, Haring and the Prussian
Amber bed. . It is one of the few European Eocene conifers that
survive, the existing and allied J. eecelsa still inhabiting almost
the same spots.

Of the Cupressinere, we thus possess two well marked and
distinct types of (lallitris at Sheppey, about which we can speak
with the utmost certainty-the one being at present confined to
North Africa and the other to Australia. While the Australian
type has never yet been met with except at Sheppey, the Palrearctic
type had a considerable range in Europe during the remainder of
the Eocene period. Libocedrus is present in our earliest ·Eocenes,
and re- appeared of a different species, over a great part of Europe,
in the Miocene; yet it is everywhere absent in the warmer Eocene
period in Europe, and also in the Miocenes of Italy. Thuja first
appeared during the Miocene in Europe, and Juniper, rare in the
Eocene, has persisted through the Miocene to the present day.
Other supposed Tertiary Oupressinese I consider unreliable, put
the ranges of those briefly mentioned above are highly snggestive
and the determinations trustworthy.

The second tribe TAXODIE£ comprises the gigantic Sequoire,
the swamp cypress of America and Japan and other important
genera, all trees of large size with small ovate cones, and either
spiral or distichous foliage. The tribe is not traced to times more
remote than the Juratlsic, although Utlmannia of the Permian has
been thought to be an ancestral form. None of the existing
genera appear until the age of the Gault, when Sequoia, and, in
the later cretaceous, Glyptostrobus, are seen. On the other hand,
some very remarkable extinct genera as Inolepie and Cyparissideum
from the Greenland Lower Cretaceous are placed in it. Although
the existing genera cannot yet claim a very remote antiquity, they
all consist of remarkably few species, with restricted ranges.
From their former abundance and wider distribution, soma at least
seem to be verging on extinction.

Of the five genera, Cryptomeria, now confined to Japan;
Arthrotaxus, confined to Vall Diemen's Land i (lephalotaxus,
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confined to China and J apan, have never been described as fossil ;
although T axites Olrik i from the Greenland E ocene should pro~

bably be transferred to the lat ter.
The genus Tuxodium. has now but three species-th e gigantic

swamp cypress, and it s near ally the Mexican cypr ess of North
America, and the small Glyptost/'obus of Japan. Th e cones are
small, l igneous, and so persistent , that in formations where
closely similar foliage abounds without being associated with them,
we are jus tified in inferring th at the fuliage belongs to some other
genus. The section Glyptostrobus first appears in the Cretaceous
of Greenland, and is said to occur in the Eocene and Miocene of
Eu rope, though a good deal of the foliage referred to it more pro
bably belongs to other genera. Its presence is well ascertained ,
however, from many of th e later Tertiaries, such as those of the
Baltic, Bilin, Radaboj, Turin, Eub cea, etc. Taxodium it self does not
IIppear in Europe until th e Miocene, and the Eocene of Atanekerdluk ,
Spitzbergen lind Alaska. It seems, however, to have descended
from th e Arctic regions, reaching as far as Colorado and Marseilles
during the Miocene. The finest specimens are figur ed in B eer's
., Baltic Miocene Flora." Nearly all th e fossils have been referred
to II single species closely allied to the exist ing T. tlistichum,

The Sequoia are moneecious, and have obtusely ovate, lig
neous, lind terminal cones one to two inches in length, which are
persistent on th e branchlets. The scales are spirally disposed,
16 to 35 in number, wedge-shaped, with a transversely oblong
nail-like head, wrinkl ed and depressed, and mucronate in th e
cent re, sharing to some extent th e ornamentation which seems
characteristic of th e tribe. The foliage is distichous and yew-like
in S. sempe11Jirens, and spiral and imbricated in S. gigantea, but
both occasionally foliate in the opposite way.

The ear liest known Sequoias are Cretaceous, and were described
by Carruthers from the Blackdown Beds and the Gault . Schimper
speculates upon its derivation from some much older Araucarian
form, and its foliage in the Cretaceous period certainly appr oaches
more nearly to the Araucarian ty pe than does that of either of the
existing species. Saporta rega rds the Chalk period as the age of
Sequoias, and our principal knowledge of these is derived from
Heer's " Flora Fossilis Arct ica." At this period the distichous and
the imbricated types of foliage, characteristic at th e present day
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of distinct species, were not differentiated. Heel' unfortunately
failed to appreciate this fact, and in endeavouring to distinguish
them has made many unnecessary species, and caused very con
siderable confusion.

The chief and most interesting characteristics, besides the union
of the two varieties of foliage, is that the distiehous arrangement
was produced in the cretaceous species, if the plates are correctly
drawn, by the shortening almost to abortion of the upper and
under leaves, and not by their being narrowed at the base and
twisted, as at present, towards the sides of the branchlets.

The Arctic Tertiaries have yielded no foliage of the S. gigantea
type, except that referred to S. Couttsia, but which I prefer to
distinguish, for reasons fully set forth elsewhere, as S. Whymperi.
The S. sempervirens type was then most abundant, S. Langsdorfii
being in fact the prevailing fossil in Greenland, scarcely any stone
with leaf impressions being without some remains of it. The
branchlets are generally simple and single, rarely forking, and would
thus seem to have had a short season of growth and to have been
quickly shed, an adaptation probably to the long Arctic winter.
S. Langsdorfii again appears in the Miocene of the Baltic, in the
Aquitanian and Mayencian stages in Switzerland, Germany,
Austria and France, and finally reached Italy in the Upper
Miocene period. The branch lets from more southern deposits
become more compound. The Eocenes of France have yielded
two species, one very distinctly and the other to a less degree
dimorphic, that is uniting the two types of foliage in one plant j

and an extremely dimorphic form, S. Hardtii, is abundant at
Steiermark and Haring in Austria. Even S. Lanqsdorfii has
more decidedly imbricated fruit-bearing branch lets than S. semper
virens, whilst S. Whymperi seems certainly to have been dimorphic,
and also to have descended south towards the Miocene period.
Another Eocene form, no less dimorphic and belonging to the same
group, is S. brevifolia, Lesq., for a specimen of which, from
Florissant, U.S.A., I am indebted to Mr. Pattison.

The pnrely imbricated type, which is more prevalent in the Creta
ceous, becomes rarer in the Tertiaries. I have, after very mature
deliberation and for reasons set forth under Amucaria, determined
to consider the so-called S. Sternberqi of Bournemouth an Arau
caria. In Iceland an unusually large foliaged Sequoia is met
with, which is very distinct from the typical S. Sternbergi form. It

15
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re-appears in the Superga of Turin, in both cases being associated
with cones, at Senegal (Pinites Cl'yptomel'ioides, Mass.) and in the
Great Lignitic of America (S. acuminata, Lesq.), S. Coutteia,
from the unusual grace and delicacy of its foliage, forms an
extreme contrast to the last species, and is one of the few Eocene
Sequoire not subject to dimorphism.

From the fossil Sequoire we learn that the differentiation of the
foliage of the present species is not a character of more than
specific value, and if we examine the two species which now exist
by the light of the past, we notice that they are less distinct in
type than they outwardly appear j for S. semperoirens preserves
the spiral scale-like leaves for a short distance at the base of each
branchlet, and S. gigantea sometimes assumes the distichous
arrangement. In addition to this the foliage of the former is not
in two rows as it is in Taxodium, being spirally arranged round
the stem j but the flat and expanded leaflets have a powerful
tendency to crowd into two lateral rows, so that the surface of
each may be as fully exposed as possible to sun and moisture.
The leaflets, to accomplish this, take a half twist near their base,
and then diverge upward or downward towards the sides of the
branchlet, an additional row frequently lying centrally along the
branch. The closely allied Glyptostl'obus, it is interesting to
notice, possesses dimorphic foliage to an even greater degree now
than formerly.

The genus Sequoia seems to have become well nigh exterminated
during the Glacial Epoch, and has been most strangely preserved
in the two isolated spots, where the recent species occur, perhaps
outside its original range, where the moderating influence of the
Pacific enabled it to survive, or occupy at a remote period the lofty
spurs of mountains, when their valleys were filled with glaciers.
Fixed in exceptionally favourable stations, and with congenial soil,
the existing species may have slowly adapted themselves to a
temperature far more genial than that supported by their polar
ancestors. In estimating the minimum temperature that the latter
could have supported, we may therefore be entirely misled by
relying exclusively on the data furnished by the existing species.
In adapting themselves to always increasingly favourable con
ditions, may they not have acquired that stupendous habit of
growth which makes them the giants of vegetation?

With regard to the supposed British Eocene Sequoire, S.
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Sternberqi, S. Richardsoni, S. Lanqsdorfii, S. du Nogeri, eto., I see
at present no evidence whatever for retaining any hitherto described
British Tertiary fossil in the genus except S. CoultsiaJ.

The 3rd tribe, TAXElE, are also generally large trees, some
even gigantic, and occur in the milder climates of both hemi
spheres. They are distinguished from all other conifers, except
the Podocarpece, by their fruit not being collected in cones, for each
ovule grows singly, and is protected by a fleshy disk, or forms a
drupe. Lindley considered them to be lower in the scale than the
cone-forming conifers. Their leaves are narrow and veinless, or
expanded with the forked venation of ferns. There are six genera
existing, and many extinct, for the tribe is traced back through
Ginkgo to the Permian, and, possibly to the Carboniferous. No
existing genus of Taxad is, however, known, of greater age than
cretaceous, except Ginkgo.

The 4th tribe, PODOCARPElE, consists, with the exception of
two small genera, each with but a single species, of the genus Podo
carpus alone. The species of Podocarps, are, according to Gordon,
59 in number, and vary from mere shrubs to colossal trees, inhabit
ing the temperate zones of Asia, Africa, Australia, and America,
but principally of the southern hemisphere. The fruit is solitary and
drupaceous or nut-like, and contains a seed with a hard crustaceous
shell. The leaves are linear, and arranged in two rows, or over
lapping, and in a few species present a dicotyledonous venation.

I can find no record of any Podocarp of older date than Eocene,
but in the middle Eocenes of South Germany, and Austria, Eng
land, and France the unmistakable leaflets of Podocarps, belong
ing to the group of P. andina or of P. chilenai" abound. In
addition to this large- leaved form, however, I believe that some of
the taxiform Coniferre of Alum Bay and Bournemouth are true
Podocarps. The drupaceous character of the fruit renders it
extremely difficult of identification, but in one instance, at Alum
Bay, I have found it with the characteristic foot stalk, and
attached to a taxiform branchlet; and at Bournemouth I have also
found podocarp-like fruits. At Sheppey again I have collected
singularly well-preserved fruits with the exact form and peculiarly
wrinkled skin of P. elata of Queensland. Apart from the fruit,
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however, the foliage bears a remarkable resemblance to that of P.
tenuifolia, or P. cupressina, and being dimorphic, could only be
referred either to this, or Glyptostl'obus, or to Sequoia. The absence
of cones, which are persistent and always found in deposits where
either of the latter are abundant, sufficiently precludes their
reference to these.

The 5th tribe, the ARAUCARIE.<E, contains four genera
Cunnimghamia, Agathis, or Dammara, Araucaria, and Sciadopitys.

The first genus, Cunninghamia, has been stated by Sternberg,
Heel', and Ettingshausen to be represented in Cretaceous forma
tions, and a small fragment of foliage from the Miocene, is also
called Cunninghamites, by Ettingshansen. It is unknown in the
Eoc ene, and is now restricted to a single species, a native of China
and Japan.

Agathis contains 8-10 species, inhabitants, for the most part,
of the Malayan Isles, Fiji, New Caledonia, New Zealand, and
Au stralia. Agathis australis, the Kauri pine, is the most celebrated
and beautiful of the New Zealand trees, reaching 180ft. in height.
(Several of the other species are very imperfectly known.j Like
Araucaria, there is supposed evidence of the presence of allies of
Agathis in the Carboniferous period, though it is not until the
Cretaceous that any forms are sufficiently defined to be named even
Dammsrites. No Eocene species are yet known, though a leafand
a scale from Boumemouth strongly resemble A. robusta.

The earliest traces of distinctly coniferous wood known were once
believed to belong exclusively to the Araucarian type. The genus
was unmistakably present in Europe during the Jurassic period,
since which time it appears to have steadily declined. Thiselton
Dyer has stated that it became extinct north of the equator from
the Oolitic age, and Schimper that it disappeared from Europe
with the Tertiaries. I believe, however, that I have convincing
proof that a tree, indistinguishable from Araucaria Cunninghami
of Australia, flourished upon the shores of our British Eocene
River, exactly as it does now 011 the shores of the Brisbane River,
10,000 miles away. Not only must it have been a characteristic
tree in England, but one widely spread over Europe, for the
greater part of the foliage, miscalled S equoia Sternberqi, is, as it
was originally described to be, Araucarian. Cones of Arauearia
are shaken to pieces by the wind, . the scales Laving ouly the
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slightest attachment to their axis when ripe. These scales are
winged, and contain the seed, and fall long before the branchlets
are shed, and would therefore necessarily be floated far away, and
deposited separately from the foliage. Only in cases where some
violence has operated, could a young cone with the sap still flowing,
and in a condition to hold together, become detached, and two
specimens of such immature cones have been actually found with
the foliage, though they are persistently called Sequoia by Heer.
It may seem a small matter to insist strongly upon, but if the so
called science of palzeo-botany is ever to be of any practical use,
such glaring errors must be rectified. Mistakes such as that which
persistently transfers one of our chief types from its perfectly
natural surroundings of Smilacere, Aroids, and fan-palms to
another type that only exists on a lofty mountain, which it occupies
to the exclusion of almost all other trees and shrubs, must bring,
and has brought, the study of fossil plants into contempt. So
blindly, however, do foreign palreo-botanists follow Heer, that,
without the slightest valid grounds, four species of Sequoia are
introduced upon paper into our British Eocene flora, which never
existed there in fact. Having undertaken the work without any
idea of the loose manner in which Tertiary fossil plant determina
tions had usually been made, I now frequently find myself
confronted with the ungrateful task of exposing the worthlessness
of work which has hitherto been accepted by a large section of
geologists, at least, as scientific. The study is beset by difficulties
so grave, that except in rare instances, it is impossible to determine
with absolute certainip what any of the mutilated plant remains
really are. Yet in no other branch of science is there, I believe,
anything to be met with comparable to the assurance, positivism
and infallibility with which decipherers and species makers in this
branch have pnblished their opinions.

The 6th tribe, the ABIETINEJE, is by far the most extensive
tribe, includes the genera Pinus, Cedrus, Picea, Tsuga, Pseudotsuqa,
Abies, and Larix. That is to say, it comprises the whole oCthe pines,
firs, cedars, and larches, in fact, with few exceptions, all the conifer
ous trees characteristic of our own and European countries. I have
not hitherto come across any statement that cones, referable to
this tribe, have been found of older date than the Jurassic.

PINES appear in the .Iurassic as Pinites. True Pinus is met with
16
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in the . Neocomian, and .has contiuued through ever-yosubsequent
formation of theuortlrern hemisphere to the present time, more than
100 species being described .

Cedrus appear for the first tim e in the N eocomian, The
present Lebanon, Atlas, and . Himalayan cedars are believed by
Borne botanists to be mere varieties, and a 4th and new species or
variety has been discovered iuCyprus.since its annexation.

It does not appear that Picea, Tsuga or Pseudotsuga have been
found fossil, except the former, somewhat doubtfully, in the Gault
of La Louviere, and in more recent deposits.

Abies appear in th e later Cretaceous, and persists to the
pre sent day.

Larix comprises .eight to eleven species, at the present:day, but
cannot be traced back beyond-the Miocene.

In our British Eocenes, the cones of true Pines have been met
with from the Thanet Beds, W oolwich and Reading Series, London
Clay , Bracklesham and Bembridge Series, though no pine foliage
has, I believe, ever been found associat ed with the abundant' plant
remain s of our E ocene deposits. Thi s is not the least remarkable
of the problems connected with the distribution of our Eocene
Con iferas.
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